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ABSTRACT:	Herein	we	elucidate	the	interplay	of	chiral,	chelate,	solvent	and	hydrogen-bonding	information	in	the	self-assem-bly	of	a	series	of	new	three-dimensional	metal-organic	architectures.	Enantiopure	ligands,	each	containing	H-bond	donors	and	acceptors,	form	different	structures	depending	on	the	ratio	in	which	they	are	combined:	enantiopure	components	form	M4L4	assemblies,	whereas	racemic	mixtures	form	M3L3	stacks.	Chiral	amplification	within	M3L3	enantiomers	was	observed	when	a	2:1	ratio	of	R	and	S	subcomponent	enantiomers	was	employed.	Simply	switching	the	solvent	(from	MeCN	to	MeOH)	or	chelating	unit	(from	bidentate	to	tridentate)	increased	the	diversity	of	structures	that	can	be	generated	from	these	building	blocks,	leading	to	the	selective	formation	of	novel	M2L2	and	M3L2	assemblies.	The	addition	of	achiral	ligand	building	blocks	resulted	in	the	formation	of	further	structures:	When	an	achiral	subcomponent	was	combined	with	its	R-	and	S-	chiral	conge-ners,	a	three-layer	heteroleptic	architecture	was	generated,	with	the	achiral	unit	sitting	at	the	top	of	the	stack.	When	combined	with	the	S	enantiomer	only,	however,	the	achiral	unit	assembled	in	the	center	of	the	structure,	thus	demonstrating	the	selec-tive	placement	of	achiral	units	within	chiral	systems.	Further	sorting	experiments	revealed	that	combining	R	and	S	stereo-centers	within	a	single	ligand	led	to	diastereoselective	product	generation.	These	results	show	how	geometric	complementa-rity	between	different	ligands	impacts	upon	the	degree	of	hydrogen	bonding	within	the	assembly,	stabilizing	specific	low-symmetry	architectures	from	among	many	possible	structural	outcomes.	
INTRODUCTION	Many	 discrete	 structures	 have	 been	 successfully	 pre-pared	using	metal-organic	 self-assembly,	 including	planar	polygons,1	Platonic2	and	Archimedean3	solids,4	prisms,5	el-lipsoidal	 hosts6	 and	 spherical	 frameworks.7	 These	 struc-tures	 typically	 display	 high	 symmetry,	 as	 symmetry	 ele-ments	are	defined	during	 the	 formation	of	 the	directional	bonds	between	polydentate	ligands	and	metal	centers.8	For	hosts,	function	follows	form:9	efficient	guest	binding,10	reac-tivity	enhancement11	and	catalysis12	rely	on	bound	species	fitting	snugly	within	 the	cavities	 framed	by	specific	archi-tectural	scaffolds.13	By	understanding	how	the	geometries	and	connection	properties	of	the	components	of	an	assem-bly	work	 together,	 high-symmetry	 structures	 can	 thus	 be	synthesized	with	specific	geometries.14	In	 contrast,	 the	 generation	 of	 low-symmetry	 architec-tures	has	proved	more	challenging:15	 ligands	tend	to	have	rigid	two-dimensional	shapes,	which	give	rise	to	rigid	three-dimensional	structures.16	Low-symmetry	 ligands	might	be	employed	to	generate	desymmetrised	structures;	however,	this	 method	 often	 generates	 polymers17	 or	 complex	 mix-tures	of	products18	owing	to	geometry	mismatches.	If	flexi-ble	 components	 are	 used,	 entropy	 often	 drives	 the	 for-mation	 of	 low-nuclearity	 products,19	 or	 high-symmetry	products	form	in	unexpected	ways.20	Secondary	 interactions	 have	 been	 shown	 to	 lower	 the	symmetry	 during	 self-assembly:21	 guest	 binding,22	 steric	crowding,23	 aromatic	 interactions,24	 and	 radical	 pairing25	have	all	been	observed	to	contribute	to	the	self-assembly	of	
low-symmetry	products.	We	hypothesized	 that	hydrogen-bonding	 sites	within	 subcomponents	might	 also	 favor	 the	formation	of	lower-symmetry	complexes.	Hydrogen	bonds	are	 directional	 and	 complementary,	 and	 the	 strength	 of	their	 interaction	can	be	 tuned	by	changing	 solvents.26	We	thus	set	out	to	investigate	the	effects	of	installing	hydrogen-bonding	 motifs	 on	 enantiopure	 C3-symmetric	 subcompo-nents	upon	the	symmetries	of	the	products	formed	follow-ing	self-assembly.	Our	results	show	that	the	interplay	between	chiral	recog-nition	 and	 hydrogen-bonding	 density	 dictate	 the	 stereo-chemistry	 of	 a	 new	 series	 of	 heteroleptic	 metal-organic	complexes.	Factors	that	include	the	presence	of	stereocen-ters,	the	solvent,	and	the	degree	of	chelation	(denticity)	can	stabilize	 one	 structure	with	 respect	 to	 another.	 Transfor-mations	can	thus	be	effected	between	four	distinct	assem-blies,	several	of	which	can	be	generated	in	enantiopure	form	(Figure	1a).	Our	method	thus	allows	the	diastereoselective	synthesis	 of	 a	 variety	of	 asymmetrical	 and	 low-symmetry	architectures	 by	 subcomponent	 self-assembly.	 We	 also	demonstrate	 stereochemical	 amplification	 from	 sub-stoi-chiometric	additions	of	enantiopure	building	blocks,	and	a	means	of	using	chirality	and	hydrogen-bonding	information	to	dictate	the	number	of	building	blocks	 incorporated	per	complex,	and	their	connectivity.		
RESULTS	AND	DISCUSSION	
 Enantiopure	tetrahedra.	Tetrahedron	(S)-1	assembled	from	(S)-A	(4	equiv),	Zn(OTf)2	(4	equiv)	and	2-formylpyri-dine	(P1,	12	equiv)	in	either	MeOH	or	CH3CN	(Supplemen-tary	 Information	 Section	 3.1).	 An	 ESI	mass	 spectrum	 dis-played	peaks	consistent	with	ZnII4L4	stoichiometry.	The	1H	NMR	spectrum	was	complex,	displaying	four	times	the	num-ber	of	signals	expected	for	a	T-symmetric	tetrahedron	(Fig-ure	1b).	This	 spectrum	was	 consistent	with	 two	potential	configurations,	both	having	C3	symmetry:	either	a	structure	in	which	all	metal	centers	possess	fac	stereochemistry,	but	one	has	opposite	handedness	to	the	other	three,	or	a	struc-ture	composed	of	one	fac	and	three	mer	vertices.	MM3	mo-lecular	modelling	of	both	configurations	did	not	reveal	an	obvious	energetic	differentiation	between	these	configura-tions	(Figure	S29).		Amide	protons	were	observed	in	the	region	7.5-8.3	ppm	in	the	1H	NMR	spectrum	of	the	assembly,	suggesting	that	lig-ands	were	not	participating	in	hydrogen	bonding	with	each	other.	 This	 precluded	 the	 possibility	 of	 a	 ligand	 arrange-ment	in	which	ligands	stacked	on	top	of	one	another,	as	is	observed	 in	 polymeric	 assemblies	 incorporating	 1,3,5-tri-carboxamide	components.27	Multinuclear	NMR	studies	provided	evidence	suggesting	that	1	 exists	 in	a	3:1	mer:fac	 configuration,	 in	a	 structure	type	 first	 reported	by	Hooley.23a	NOE	correlations	 (Figure	S28)	were	consistent	with	 the	presence	of	mer	 configura-tions	 for	 three	of	 the	 four	ZnII	 centers,	where	pyridyl	and	phenylene	rings	stack	in	close	contact.	No	such	NOE	corre-lations	were	observed	between	these	environments	in	the	
fourth	signal	set,	suggesting	that	this	corner	maintained	fac	geometry.	1H-13C	HMBC	correlations	(Figure	S16)	between	the	 central	 phenyl	 protons	 and	 carbonyl	 13C	 signals	were	also	 consistent	 with	 this	 ligand	 configuration.	 The	 dis-persed	13C	signals	(Figure	S12)	also	suggested	mixtures	of	facial	 and	 meridional	 corners	 in	 the	 complex:	 diastere-omers	 containing	 only	 fac	 metal	 centers	 typically	 show	more	tightly	clustered	13C	signals.28	This	structural	configuration	is	enabled	by	the	flexibility	of	the	(S)-A	subcomponents	within	(S)-1.	We	propose	that	(S)-1	exists	in	a	3:1	mer:fac	conformation		because	the	basal	ligand	 partially	 fills	 the	 cavity	 volume,	 as	 compared	 to	 a	larger	cavity	in	an	all-fac	isomer.	(S)-1	would	thus	be	more	favored	entropically,	as	it	would	contain	fewer	high-energy	solvent	molecules	trapped	within	its	cavity.			(R)-1	was	also	generated	by	employing	(R)-A	in	place	of	(S)-A	 during	 the	 assembly	 process.	 The	 1H	 NMR	 and	 ESI	mass	 spectra	 of	 (R)-1	 and	 (S)-1	 were	 identical,	 as	 antici-pated.	The	enantiopurity	of	the	assemblies	was	established	by	1H	NMR	titration	of	Lacour’s	nBu4N	Δ-TRISPHAT	into	a	CD3CN	solution	of	(R)-1	or	(S)-1.	This	anion	resolves	enan-tiomeric	cations	by	forming	diastereotopic	ion	pairs.29	We	observed	shifting,	but	not	splitting,	of	the	proton	signals	of	both	(R)-1	and	(S)-1	during	titration	with	Δ-TRISPHAT,	sug-gesting	that	(R)-1	and	(S)-1	were	enantiopure	(Figures	S30	and	S31).	Mirror-image	Cotton	effects	were	also	observed	by	 Circular	Dichroism	 (CD)	 spectroscopy,	 consistent	with	(R)-1	being	the	enantiomer	of	(S)-1	(Figures	S17	and	S27).
	
Figure	1.	(a)	Transformation	pathways	employing	combinations	of	(S)-A,	(R)-A,	P1,	P2	and	ZnII.	All	reactions	occurred	in	MeCN	unless	otherwise	indicated.	(b)	1H	NMR	spectra	(500	MHz,	298	K,	MeOD	for	1&3,	CD3CN	for	2&4)	showing	the	symmetries	of	products	1-4,	with	imine	signals	of	the	major	and	minor	species	marked	with	red	dots	and	pink	stars,	respectively.	Compound	1	 transformed	sequentially	into	3,	2	and	4	 following	the	pathway	defined	by	red	arrows	in	(a),	after	the	application	of	the	indicated	stimuli.	Full	NMR	assignments	are	available	in	the	Supporting	Information.		
 Generation	 of	 2	 by	 chiral	 recognition.	 NOESY	 NMR	spectroscopy	 revealed	 the	 ligands	 of	 (R)-1	 to	 be	 labile	 in	MeCN,	exchanging	between	four	unique	chemical	environ-ments	 slowly	 on	 the	 NMR	 timescale	 (Figure	 S21).	 When	(S)-1	was	added	to	an	acetonitrile	solution	of	(R)-1	(1:1	ra-tio),	followed	by	stirring	at	room	temperature	for	12	h,	we	observed	a	 simplification	of	 the	 1H	NMR	spectrum,	which	now	displayed	only	three	unique	sets	of	ligand	proton	sig-nals	 (Figure	 1b,	 Supplementary	 Information	 Section	 3.2).	Low-	 and	high-resolution	ESI-MS	 spectra	 indicated	 that	1	had	 transformed	 into	 2,	 with	 a	 ZnII3L3	 composition.	 The	same	 1H	 NMR	 spectrum	 resulted	 when	 (S)-A,	 (R)-A,	Zn(OTf)2	 and	P1	 were	 combined	 in	 CD3CN	 and	 heated	 to	70	°C	for	12	h.		A	crystal	of	2	was	grown	through	diffusion	of	iPr2O	into	a	solution	of	2	containing	CsCB11H12	(3	equiv)	in	CD3CN.	X-ray	diffraction	revealed	the	structure	to	be	composed	of	a	stack	of	 three	 ligands	 in	which	 the	enantiomers	of	LA	 alternate.	One	equivalent	of	2	 thus	contains	 two	L(R)-A	 ligands	 sand-wiching	one	L(S)-A	ligand,	with	all	three	metal	centers	having	
fac	 stereochemistry	 and	 Δ	 handedness;	 its	 enantiomer	 is	also	present	in	the	crystal	(Figure	2).	The	metal	centers	of	2	describe	 an	 approximately	 equilateral	 triangle,	with	 ZnII–ZnII	distances	of	17-18	Å.	The	structure	thus	possesses	ide-alized	 C3	 symmetry,	 consistent	 with	 its	 NMR	 spectrum,	wherein	each	of	the	three	arms	on	each	ligand	are	in	identi-cal	 environments.	 Both	 the	 crystal	 structure	 and	 solution	NMR	 spectra	 provide	 evidence	 for	 hydrogen	 bonding	 be-tween	 amide	 groups	 on	 adjacent	 ligands,	which	 reinforce	the	configuration	of	the	stack	(Figure	2c).	
	
Figure	2.	(a)	Schematic	representation	of	2,	showing	the	stereochem-ical	configuration	of	a	single	enantiomer,	where	ligand	arms	containing	
S	stereocenters	are	blue,	R	ligand	arms	are	red	and	Δ	metal	centers	are	black.	(b)	X-ray	crystal	structure	of	2,	viewed	down	the	C3	axis	(anions	
and	disorder	removed	for	clarity;	ZnII	=	yellow,	C	=	gray,	N	=	blue,	O	=	red,	H	=	white).	(c)	Hydrogen-bonding	through	the	central	column	is	highlighted	with	dashed	black	lines.	(d)	View	of	the	structure	perpen-dicular	to	its	C3	axis,	color-coded	as	in	(a).		
Stereochemical	amplification	of	2.	The	progressive	ad-dition	of	 (R)-1	 to	 (S)-1	 indicated	complete	 formation	of	2	following	 the	 addition	 of	 0.5	 equivalents	 of	 (R)-1	 (Figure	S41).	This	observation	indicated	that	2	could	be	obtained	in	enantiopure	 form	 from	a	1:2	 ratio	 of	R:S	 subcomponents.	The	Δ-TRISPHAT	anion	was	again	employed	to	differentiate	the	enantiomers	of	2	(Figure	S42).	When	titrated	with	2	that	had	been	prepared	using	a	1:1	ratio	of	the	two	enantiomers	of	A,	signal	splitting	and	shifting	was	observed,	consistent	with	 the	 presence	 of	 the	 two	 enantiomers	 that	 were	 ob-served	in	the	solid	state.	When	titrated	with	2	synthesized	from	a	1-to-2	ratio	of	(S)-A	to	(R)-A,	however,	no	peak	split-ting	was	observed,	 consistent	with	 the	presence	of	only	a	single	enantiomer.	Cotton	effects	opposite	in	sign	were	ob-served	in	CD	spectra	for	the	two	enantiomers	prepared	in	this	manner	(Figure	S43).	The	addition	of	3	equivalents	of	enantiopure	(S)-1	to	a	ra-cemic	mixture	of	4	equivalents	of	(SRS)-2	and	4	equivalents	of	(RSR)-2	generated	12	equivalents	of	enantiopure	(SRS)-2	as	the	exclusive	product	(Figure	3).	The	addition	of	sub-stoi-chiometric	amounts	of	enantiopure	ligand	to	a	racemic	mix-ture	thus	produced	an	exclusively	enantiopure	product,	in	a	stereochemical	amplification	event.30	This	behavior	stands	in	contrast	to	the	normal	case,	wherein	1:2	mixtures	of	en-antiomers	 generate	 a	 system	 of	 enantiomeric	 bias,	 corre-sponding	 to	33%	ee.31	Here,	100%	ee	 is	observed	when	a	1:2	ratio	of	R	and	S	ligands	is	employed.	This	reaction	is	thus	both	diastereo-	and	enantio-selective.	
	
Figure	 3.	 Stereochemical	 amplification	 of	 2	 from	 the	 sub-stoichio-metric	addition	of	1.	Initially,	combining	equimolar	quantities	of	(R)-1	and	(S)-1	generated	equimolar	quantities	of	(SRS)-2	and	(RSR)-2.	The	subsequent	addition	of	3/8	of	an	equivalent	of	 (R)-1	 to	 this	mixture	produced	(RSR)-2	exclusively.	The	racemic	mixture	of	2	 could	be	re-generated	by	adding	(S)-1.		
Solvent-induced	 reorganization.	 When	 a	 1:1	 ratio	 of	(R)-A:(S)-A	was	combined	with	Zn(OTf)2	and	P1	in	MeOH	in-stead	of	MeCN,	a	combination	of	2	and	new	structure	3	were	formed.	ESI-MS	analysis	indicated	a	ZnII2L2	composition	for	
3	 (Supplementary	 Information	 Section	 3.3).	 The	 1H	 NMR	spectrum	of	the	mixture	of	2	and	3	displayed	six	sets	of	NMR	signals	(Figure	1b),	corresponding	to	three	distinct	 ligand	
 environments	in	each	of	2	and	3.	Upon	dilution	from	3.5	mM	to	0.35	mM,	the	signals	attributed	to	2	decreased	in	inten-sity,	leaving	3	as	the	dominant	product,	as	confirmed	by	ESI-MS.	Thus,	upon	dilution,	the	equilibrium	between	2	and	3	shifts	toward	entropically-favorable	3.	Diffusion	of	Et2O	into	a	dilute	methanol	solution	of	3	pro-duced	a	crystal	suitable	for	X-ray	diffraction	(Figure	4).	In	this	meso	structure,	two	arms	of	one	ligand	and	one	arm	of	another	meet	at	each	metal	center.	The	structure	possesses	an	inversion	center,	 lending	3	Ci	symmetry,	with	both	ZnII	centers	 having	 fac	 stereochemistry	 but	 opposite	 handed-ness.	 Both	 enantiomers	 of	A	 are	 thus	 incorporated	 into	 a	single	achiral	structure.	Two	hydrogen	bonds	between	en-antiomeric	pairs	of	ligands	flank	the	inversion	center	(Fig-ure	4c).	
	
Figure	4.	(a)	X-ray	crystal	structure	of	3,	with	hydrogen	bonding	high-lighted	with	dashed	black	lines	(anions	and	solvent	removed	for	clarity;	ZnII	=	yellow,	C	=	gray,	N	=	blue,	O	=	red,	H	=	white).	(b)	Schematic	rep-resentation	of	3	 (S	 ligand	arms	=	blue,	R	 ligand	arms	=	red,	Δ-ZnII =	black,	Λ-ZnII	=	white).	(c)	Hydrogen-bonding	between	ligands	is	shown	with	dashed	black	lines.	(d)	View	perpendicular	to	(a),	with	colors	in-dicating	stereochemistry	as	in	(b).		Product	 2	 transformed	 into	 3	 when	 the	 MeOH	 solvent	was	 removed	 and	 the	 residue	 was	 redissolved	 in	 MeCN.	This	process	was	reversible:	redissolution	of	 isolated	2	 in	MeOH	generated	3.	
Introduction	of	chelate	information.	ZnII3L3	structure	2	transformed	into	ZnII3L2	analog	4	following	the	introduction	of	2-formylphenanthroline	P2	and	additional	ZnII	(Figure	1a,	Supplementary	 Information	 Section	 3.4).	 This	 subcompo-nent	substitution	process	thus	resulted	in	the	replacement	
of	the	bidentate	ligand	termini	of	2	with	tridentate	coordi-nating	groups.	We	infer	the	driving	force	for	this	substitu-tion	to	derive	from	the	principle	of	coordinative	saturation,	whereby	 the	 thermodynamically	 most	 favorable	 set	 of	products	 contains	 the	 largest	 number	 of	 metal-ligand	bonds.32	Although	the	ESI	mass	spectrum	of	4	(Figure	S62)	displayed	only	signals	attributable	to	a	ZnII3L2	product	com-position,	the	1H	NMR	spectrum	(Figure	S64)	was	complex,	suggesting	the	formation	of	multiple	diastereomers.	When	 enantiopure	 (S)-A	 was	 combined	 with	 P2	 and	Zn(OTf)2,	 a	 better-defined	 1H	 NMR	 spectrum,	 with	 fewer	signals,	was	observed	(Figure	1b).	A	high-symmetry	species	with	one	set	of	1H	signals,	and	a	secondary	species,	having	three	times	as	many	signals,	were	identified.	We	attribute	the	higher-symmetry	species	to	a	ΔΔΔ/ΛΛΛ	D3-symmetric	ZnII3L2	 architecture,	 and	 the	 lower-symmetry	 one	 to	 its	
ΔΔΛ/ΛΛΔ	 C2-symmetric	 diastereomer	 (Figure	 S55).	 The	presence	of	two	diastereomers	is	supported	by	the	observa-tions	that	the	13C	signals	for	each	proton	environment	are	clustered	 in	 the	 1H–13C	HSQC	 spectrum	 (Figure	 S58),	 and	that	all	proton	signals	diffused	at	the	same	rate	by	1H	DOSY	NMR	spectroscopy	(Figure	S61).	Integration	of	the	1H	NMR	spectrum	of	the	assembly	indi-cated	a	1:1	ratio	of	D3-4:C2-4	in	solution.	A	statistical	distri-bution	 of	Λ- and Δ-ZnII	 stereocenters	within	 the	 product	mixture	would	correspond	to	a	1:3	ratio	of	D3-4:C2-4,	sug-gesting	that	the	D3-symmetric	isomer	is	favored	during	as-sembly.	 The	 presence	 of	 diastereomers	 also	 explains	 the	complexity	of	the	NMR	spectra	of	the	assembly	formed	from	a	 racemic	mixture	 of	 (S)-A	 and	 (R)-A,	wherein	 additional	signals	corresponding	to	the	integration	of	both	S	and	R	lig-ands	into	an	MII3L2	framework	were	observed.	The	 observation	 of	 all	 amide	 signals	 of	 both	 diastere-omers	around	δ	=	7.5	ppm	(Figure	S55)	suggested	that	no	hydrogen	bonding	occurred	between	ligands	in	this	assem-bly.33	We	thus	infer	the	presence	of	ligand	configurations	in	which	 NH	 and	 CO	 moieties	 on	 different	 ligands	 are	 not	within	hydrogen-bonding	distance	within	these	assemblies.	
Self-assembly	 from	 achiral	 building	 blocks.	When	B	(an	achiral	derivative	of	A),	Zn(OTf)2	and	P1	were	heated	at	70	°C	for	12	h	in	MeCN,	product	5,	having	a	ZnII3L3	composi-tion,	was	 identified	 by	 ESI-MS	 (Figure	 5a,	 Supplementary	Information	Section	3.5).	Nine	sets	of	signals	were	observed	in	the	1H	NMR	spectrum	of	5,	having	equal	intensities.	1H–13C	HSQC	and	HMBC	spectra	furthermore	indicated	that	the	central	phenyl	protons	on	each	ligand	were	chemically	in-equivalent	 (each	 ligand	 displayed	 4J	 coupling	 to	 nearest-neighbor	 protons	 on	 the	 same	 ring),	 suggesting	 threefold	desymmetrization	 of	 each	 ligand	within	5.	 These	 spectra	suggest	 that	each	 ligand	arm	within	 the	assembly	 is	mag-netically	unique,	and	that	 the	structure	 is	desymmetrised,	as	compared	to	C3-symmetric	2.	Each	of	 the	benzylic	protons	of	 the	B	residues	within	5	was	rendered	diastereotopic,	consistent	with	a	stacked	con-figuration	similar	to	the	one	observed	in	2.	All	amide	proton	signals	 assigned	 to	 the	 central	 ligand	were	 shifted	 down-field,	 suggesting	 participation	 in	 hydrogen	 bonding.	 The	central-phenyl-ring	 proton	 signals	 were	 shifted	 upfield,	which	we	infer	to	be	a	consequence	of	shielding	by	the	lig-ands	on	either	side.	NOESY	cross-peaks	attributed	to	chem-ical	exchange	were	observed	between	the	six	environments	
 assigned	 to	 the	 top	 and	 bottom	 ligands,	 suggesting	 that	these	components	are	exchanging	positions	slowly	on	 the	NMR	timescale.	The	 lack	of	 symmetry	of	5	 suggested	a	 configuration	 in	which	 the	ΛΛΔ/ΔΔΛ	 diastereomer	 was	 generated	 exclu-sively,	in	contrast	to	2,	which	contains	all	metal	centers	of	the	same	handedness.	The	structure-directing	effects	of	hy-drogen-bonding	 between	 amide	 groups,	 as	 evidenced	 by	the	presence	of	 signals	at	δ	>	10	ppm	(Figure	S66),	 along	with	 removal	 of	 the	 steric	 bulk	 of	 the	 methyl	 groups	 at-tached	 to	 the	 stereogenic	 centers	 in	 A,	 thus	 led	 to	 sym-metry-breaking	within	this	M3L3	assembly.		
	
Figure	5.	Sorting	experiments	 to	generate	heteroleptic	architectures	(where	S	ligand	arms	=	blue,	R	ligand	arms	=	red,	ligand	arms	contain-ing	no	 stereocenters	=	green,	Δ-ZnII =	 black	and	Λ-ZnII	 =	white).	(a)	Generation	of	a	ΛΛΔ/ΔΔΛ	M3L3	diastereomer	5	from	an	achiral	ligand.	
(b)	Only	three	species	were	observed	from	the	reaction	of	four	differ-ent	 ligands	with	 different	 stereochemical	 configurations,	 of	which	2	and	6	were	structurally	characterized.	(c)	A	heteroleptic,	homochiral	complex	7	incorporating	each	of	(S)-A,	(R)-A	and	B	self-assembled	se-lectively.			
Sorting	experiments	with	a	 racemic	 ligand.	 Subcom-ponent	 A	 contains	 three	 stereocenters	 with	 either	 the	(R,R,R)	or	(S,S,S)	configuration.	We	envisioned	that	a	ligand	with	 mixed	 stereocenters	 might	 diversify	 the	 number	 of	product	 structures	 obtained	 (Supplementary	 Information	Section	5.1).	We	thus	synthesized	a	diastereomeric	mixture	of	deriva-tives	of	A,	containing	a	mixture	of	both	(R)-A	and	(S)-A,	as	well	as	the	new	subcomponents	(R,R,S)-C	and	(S,S,R)-C.	C	is	a	diastereomer	of	A,	wherein	the	arms	of	C	have	either	two	
R	and	one	S,	or	two	S	and	one	R,	stereocenters.	The	distribu-tion	of	diastereomers	within	this	mixture	thus	reflected	sta-tistical	incorporation	of	(R)	and	(S)	stereocenters.	The	reac-tion	of	this	mixture	of	subcomponents	with	Zn(OTf)2	and	P1	provided	a	product	mixture	with	a	sharp	1H	NMR	spectrum;	its	ESI	mass	spectrum	was	consistent	with	the	exclusive	for-mation	of	ZnII3L3	products	(Figure	5b).		Of	 the	23	possible	ZnII3L3	product	diastereomers	 (Table	S1),	only	three	could	be	observed	by	NMR	spectroscopy;	a	1H–13C	HSQC	spectrum	revealed	21	unique	ligand	environ-ments	 (Figure	S84).	This	 corresponds	 to	 the	 formation	of	three	products:	one	with	C3	symmetry	(2,	three	sets	of	sig-nals)	and	two	having	C1	symmetry	(each	with	9	sets	of	sig-nals	=	18	signal	sets)	(Figure	S83).	Slow	diffusion	of	Et2O	into	this	mixture	of	products	con-taining	nBu4NBF4	(10	equiv)	produced	a	crystal	of	product	
6	suitable	for	X-ray	diffraction	analysis	(Figure	6).	This	com-plex	is	similar	to	2,	but	is	composed	exclusively	of	the	het-erochiral	subcomponents	(R,R,S)-C	and	(S,S,R)-C.	The	trian-gle	formed	by	its	three	ZnII	centers	is	scalene,	as	compared	to	equilateral	2.	Its	core	is	reinforced	by	three	intramolecu-lar	hydrogen	bonds	between	adjacent	amides	(Figure	6c).	One	metal	center	has	the	opposite	handedness	to	the	other	two,	and	both	enantiomers	are	present	in	the	crystal.	
	
Figure	6.	(a)	X-ray	crystal	structure	of	6,	with	colors	highlighting	the	stereochemistry	of	each	ligand	arm	and	metal	center	(S	ligand	arms	=	blue,	R	ligand	arms	=	red,	Δ-ZnII =	black,	Λ-ZnII	=	white;	anions,	solvent	and	disorder	removed	for	clarity).	(b)	Cartoon	representation	of	(a).	
(c)	Three	intramolecular,	and	two	intermolecular	(with	a	bridging	H2O	molecule),	hydrogen	bonds	reinforce	the	core	of	6	(dashed	black	lines).	
 (d)	The	crystal	packing	of	6	shows	stacking	of	opposite	enantiomers	of	
6,	promoted	by	three	intermolecular	hydrogen	bonds.		In	 the	 solid	 state,	 three	 intermolecular	hydrogen	bonds	reinforce	columnar	aggregations	of	enantiomers	of	6	along	the	c-axis	(Figure	6d).	These	stacks	are	reminiscent	of	the	polymeric	 architectures	 described	 by	Meijer	 and	 cowork-ers.34		
Optimization	 of	 heteroleptic	 product	 formation.	Structurally	 complex	 heteroleptic	 assemblies	 reminiscent	of	2	resulted	from	the	combination	enantiopure	and	achiral	ligands	 during	 self-assembly	 (Supplementary	 Information	Section	5.2).	A	1	:	1	:	1	ratio	of	(S)-A	:	(R)-A	:	B	generated	7	as	the	major	product	(in	79%	yield	by	NMR	integration,	rel-ative	to	minor	amounts	of	homoleptic	2	and	5).	Assembly	7	incorporates	residues	of	(S)-A,	(R)-A	and	B	together	into	a	heteroleptic	M3L3	assembly	(Figure	5c).	The	1H	NMR	spec-trum	of	7	 (Figure	S85)	was	sharp,	with	only	 three	sets	of	signals,	suggesting	that	each	ligand	maintained	its	threefold	symmetry	upon	integration	into	heteroleptic	7.	NMR	exper-iments	(Figures	S85-S91)	verified	that	the	B	residues	occu-pied	an	outward-facing	position	within	7,	with	their	NH	do-nors	not	participating	in	intramolecular	H-bonding.		The	proposed	solution	state	configuration	was	reflected	in	the	crystal	structure	of	7:	a	three-tier	heteroleptic	com-plex	containing	each	of	the	distinct	subcomponent	residues	(Figure	7).	Both	2	and	7	co-crystallized	in	a	disordered	con-figuration,	reflecting	their	similar	morphologies.	Indeed,	7	showed	 the	 same	 hydrogen	 bonding	 configuration	 as	 ob-served	in	2	(Figure	2).	Both	enantiomers	of	7	were	observed	in	the	crystal.	
	
Figure	7.	(a)	Schematic	representation	of	7,	showing	a	single	enantio-mer,	where	ligands	derived	from	S-A	are	blue,	ligands	derived	from	R-
A	are	red,	ligands	derived	from	achiral	B	are	green,	and	Δ-ZnII	centers	are	black.	(b)	X-ray	crystal	structure	of	7,	viewed	offset	from	the	top	of	the	structure.	(c)	Hydrogen	bonds	through	the	central	core,	highlighted	with	dashed	black	lines.	(d)	View	of	the	structure	perpendicular	to	the	
C3	axis.	Anions,	solvent	and	disorder	have	been	removed	for	clarity.		To	further	verify	that	7	incorporated	both	(R)-A	and	(S)-A	in	solution,	as	opposed	to	a	single	enantiomer,	control	sort-ing	experiments,	wherein	only	(S)-A	and	B	were	combined	in	different	ratios	 (1:3,	1:2,	1:1	and	2:1)	during	assembly,	were	conducted	(Supplementary	Information	Section	5.2).	A	mixture	of	heteroleptic	M4L4	and	M3L3	species	were	ob-served	by	ESI-MS	in	each	case.	Importantly,	no	1H	NMR	sig-nals	attributed	to	7	were	observed	during	these	sorting	ex-periments,	 confirming	 that	 7	 incorporates	 equimolar	amounts	of	(R)-A,	(S)-A	and	B	in	solution.	Further	NMR	and	ESI-MS	examination	of	the	sorted	out-put	from	a	2:1	reaction	of	(S)-A	and	B	revealed	that	different	ligands	could	be	accommodated	into	different	metal:ligand	configurations:	one	heteroleptic	tetrahedron	(ZnII4L(S)-A3LB)	and	two	heteroleptic	stacks	(ZnII3L(S)-A2LB	and	ZnII3L(S)-ALB2)	were	observed	(Figure	S94).	The	presence	of	an	amide	tri-plet	at	δ	=	9.7	ppm	in	the	1H	NMR	spectrum	of	this	reaction	output	suggested	that	the	ZnII3L(S)-A2LB	assembly	contained	
LB,	 which	 contains	 no	 stereocenters,	 as	 its	 central	 ligand	(Figure	S95).	This	configuration	contrasts	with	7,	where	LB	sits	 at	 an	 externally-facing	 site.	This	 ability	 to	 control	 the	position	of	achiral	components	within	chiral	self-assembled	structures	could	lead	to	preferential	and	site-specific	inter-actions	with	enantiopure	or	asymmetric	compounds.			
CONCLUSIONS	Different	inputs	of	chiral,	chelate	and	solvent	information	led	to	the	expression	of	different	structural	outputs	(Table	1).	Distinct	ligand	enantiomers	formed	different	supramo-lecular	geometries	than	their	racemic	mixtures,	and	achiral	subcomponents	displayed	different	stereochemical	outputs	than	their	chiral	congeners.	By	modulating	the	degree	and	nature	of	the	chiral	information	present	in	each	assembly,	distinct	 product	 outputs	 resulted,	 leading	 to	 the	 selective	generation	of	specific	diastereomers	from	among	large	col-lections	of	possible	product	structures,	including	the	selec-tive	formation	of	heteroleptic	assemblies.	Of	particular	in-terest	 is	 the	 distinctly	 different	 assembly	 behavior	 dis-played	by	 enantiopure	 ligands,	which	 contrasted	 strongly	with	 their	 racemic	 counterparts:	 for	 instance,	 employing	only	(S)-A	produced	1,	whereas	combining	(S)-A	with	(R)-A	produced	 2	 or	 3.	 Furthermore,	 the	 formation	 of	 enanti-opure	structures	was	observed	from	1:2	mixtures	of	R:S	iso-mers,	indicative	of	chiral	amplification	upon	self-assembly.	These	results	thus	reflect	the	increased	diversity	in	product	structures	that	accompanies	the	use	of	an	expanded	chiral	pool.35		
Table	1.	Summary	of	the	structures	observed	from	combinations	of	lig-ands,	where	enantiopure	structures	are	colored	blue.	
 	
a	=	mixture	of	products,	where	a’	is	the	enantiomer	set	of	a.		Our	crystallographic	 investigations	suggest	that	the	chi-rality	(R	or	S)	of	the	ligand	impacts	directly	upon	the	hand-edness	 of	 the	 coordinated	 metal	 center	 (Λ	 or	 Δ).	 For	 in-stance,	a	metal	center	chelated	by	two	R	and	one	S	 ligand	arm	generated	only	Δ	corners	in	all	of	2,	3	and	6;	likewise,	two	S	and	one	R	 ligand	arms	resulted	in	a	Λ	corner.	When	achiral	B	was	 introduced	into	7,	 the	stereochemical	 infor-mation	from	the	one	S	and	the	one	R	 ligand	balanced	out,	resulting	in	no	stereochemical	influence	upon	the	metal	cor-ners.	The	degree	of	hydrogen	bonding	observed	within	 these	structures	 results	 from	 geometric	 complementarity	 be-tween	subcomponents	held	 in	specific	stereochemical	ori-entations	 by	metal	 coordination.	 Intra-complex	 hydrogen	bonding	 favored	 the	 formation	 of	 specific	 isomers.	When	hydrogen-bonding	was	absent	(as	in	4,	for	instance),	multi-ple	 diastereomers	were	 evident;	when	 hydrogen-bonding	was	promoted	(as	in	2,	5,	6	and	7),	strong	diastereomeric	selectivity	was	observed.	Within	the	set	of	complexes	stud-ied,	metal	coordination	thus	served	to	dictate	the	shape	of	the	overall	framework,	following	the	principle	of	coordina-tive	 saturation,32	 and	 hydrogen-bonding	 served	 to	 fix	 the	stereochemistry	where	possible.	Our	results	chart,	for	the	first	time,	the	processing	of	ste-reochemical	 information	 within	 mixtures	 of	 enantiopure,	racemic	and	achiral	building	blocks	simultaneously	 in	 the	generation	of	metal-organic	architectures.	This	study	pro-vides	new	means	to	transform	species	selectively,	generate	heteroleptic	structures,	and	improve	the	specificity	of	sort-ing	reactions,	and	provides	 insight	 into	 the	 importance	of	ligand	 symmetry,	 stereochemistry	 and	 intramolecular	hy-drogen	bonding	as	driving	forces	in	determining	structure.	
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